ABSTRACT The southern green stink bug, Nezara viridula (L.) (Hemiptera: Pentatomidae), and other related species have become pests in cotton, Gossypium hirsutum L., after successful eradication efforts for the boll weevil. In Central Texas, little is known regarding the ecology of N. viridula. The reproductive status of N. viridula adults can be used to estimate population density and overwintering survival, but previous studies failed to provide clear visualizations for the developmental stages of the reproductive systems. This study was undertaken to provide improved visualizations of the developmental stages of the reproductive systems. Results will be critical in the accurate assessment of population reproductive status, estimation of population densities, and overwintering survival. Additionally, images presented here may be applicable to other stink bug species that infest row and fruit crops.
The reproductive system of insects may need to be examined to determine the reproductive status of an individual or a population, and in species with diapause in their life cycles, to monitor physiological changes during the season. The southern green stink bug, Nezara viridula (L.) (Hemiptera: Pentatomidae), is a cosmopolitan pest of fruit and row crops (Todd 1989) . In temperate cotton (Gossypium hirsutum L.),-producing regions, the insects survive the winter as adults. Stink bugs and early-season pests were traditionally suppressed by insecticide applications for boll weevil control. However, successful boll weevil eradication efforts have reduced the number of insecticide applications and other pests, such as N. viridula, have become problematic. Little is known regarding population development and overwintering survival of N. viridula in Central Texas.
Reference images of the maturing and senescing stink bug reproductive systems could be used to compare Þeld-collected specimens and provide more reliable information regarding the reproductive status of stink bug populations. However, only descriptions (Qadri 1949 , Pitts 1977 or schematics of male (Malouf 1933 , Pendergrast 1956 ) and female (Malouf 1933 , Pendergrast 1957 , Kiritani 1963 , Ali and Ewiess 1977 , Bannerjee and Chatterjee 1985 N. viridula reproductive systems are currently available. These schematics offer little visual information regarding the changes observed in N. viridula reproductive systems (Pitts 1977) . Thus, the objective of this report is to improve existing schematics by providing deÞnitive visualizations portraying the development of adult N. viridula reproductive systems.
Materials and Methods
Feral and laboratory-reared N. viridula adults were examined for gonadal development. Feral adults were collected from native vegetation by sweep net or light traps. These adults of unknown-age were then dissected to assess reproductive status, but cohorts were also used to establish a laboratory colony. The laboratory colony yielded newly eclosed virgin adults with no development in the reproductive systems. Cohorts of older laboratory-reared adults were dissected at regular intervals to examine the development of the reproductive systems. Age-dependent development will be presented in a subsequent report; this report is intended only to document the observed stages of gonadal development. Also, adults were collected by sweep net late during the year (OctoberÐNovember) to assess late-season reproductive status of feral populations.
The laboratory colony was held in screened Plexiglas cages, and fed raw (i.e., uncooked and unsalted), shelled peanut (Arachis hypogaea L.) halves and soybean seeds [Glycine max (L.) Merr.] contained in a petri plate lid, with an additional 10 green bean (Phaseolus vulgaris L.) pods. Egg masses were collected daily and food was replaced three times weekly. Nymphs were held in 0.47-L (1-pint) cartons (with This article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation by the USDA for its use.screened lids), and development was monitored. Upon reaching the fourth instar, nymphs were transferred to Plexiglas cages. Nymphs in cartons received one green bean pod and two raw, shelled peanut halves. Nymphs held in cages were fed Þve green bean pods and a petri plate containing peanut halves. Nymphs and adults were fed every other day.
Previous reports depict or describe the components of N. viridula reproductive systems (Figs. 1Ð3) (Malouf 1933; Pendergrast 1956 Pendergrast , 1957 Kiritani 1963; Pitts 1977; Ali and Ewiess 1977; Bannerjee and Chatterjee 1985) . Brießy, females have seven ovarioles leading into lateral oviducts and then to the common oviduct. Along the common oviduct and before reaching the vagina, the spermatheca houses sperm (after mating). In males, the reproductive system consists of two testes with respective vasa deferentia leading to the ectodermal sac. Mesadene and ectadene glands are present ventrally and dorsally, respectively, of the ejaculatory duct leading to the aedeagus.
For dissection purposes and identiÞcation of gonadal development, the terminology of Pendergrast (1956 Pendergrast ( , 1957 was used to identify components of the reproductive systems. In females, egg development and ovarian coloration were noted; in males, coloration of the vasa deferentia and testes, development of the accessory glands (i.e., mesadene and ectadene) and condition of the ectodermal sac were noted. All insects were held at 29.4 Ϯ 1ЊC and a photoperiod of 14:10 (L:D) h.
Images of observed conditions of the reproductive systems were recorded using an Olympus Camedia C-4000 digital camera mounted on an Olympus SZ-60 dissecting microscope (Olympus, Kalamazoo, MN).
Images were recorded at 1.5ϫ magniÞcation unless otherwise noted.
Results and Discussion
A range of ovarian developmental stages was observed in N. viridula adult females (Fig. 4) . Observed stages included clear ovaries without development; clear, or sometimes green-tinged, ovaries with previtellogenic oocytes only; immature ovaries containing only oocytes with yolk; mature ovaries with chorionated eggs; colored (i.e., yellow to yellow-orange) mature ovaries with only oocytes in the germaria; and senescing ovaries with black oocytes in the ovarioles were observed during this study (Fig. 4AÐF ). Additionally, yellow to yellow-orange ovaries with only chorionated eggs in the pedicels but no developing oocytes in the germaria also were observed, similar to Pitts (1977) . These latter ovaries, and likely those with the black oocyte condition, represent females that have completed oviposition.
In contrast to previous reports (Kiritani 1963 , Bannerjee and Chatterjee 1985 , Pitts 1977 , Fig. 4 provides a more clear depiction of various stages of female ovarian development. In addition to depicting ovariole conditions, Fig. 4A shows an empty spermatheca of a laboratory-reared, virgin female. Conversely, the full, opaque spermathecae of mated females are shown in Fig. 4E and F.
Of further particular interest is the "black spotted" condition originally reported by Kiritani (1963) (Fig.  1B) . Presumably, Pitts (1977) observed a similar condition describing this as a "follicular relic É discolored grayish-orange or black." Both authors determined this condition to be indicative of the cessation of oogenesis. Observations here also clarify this condition (Fig. 4F) ; oocytes in the pedicels had begun the transition to the completely black condition as shown in Fig. 4F . In the current study, this condition, presumably the black spotted condition described by Kiritani (1963) , was only observed in feral insects during October and November (Fig. 4F) . Bannerjee and Chatterjee (1985) similarly observed cessation of ovarian development during October and November. However, Kotaki (2003) indicated that cessation of oogenesis in another pentatomid, Plautia crossota stali Scott, was reßected by presence of mature oocytes that become clear and are reabsorbed by the insect. In Central Texas, the black spotted condition coincides with expected entry into hibernation sites, but females rarely survive the winter period after oocyte development (D. Musolin, personal communication). Thus, the actual cause and purpose of the black spotted condition warrants further study to accurately determine the contribution that these individuals make to population estimates.
During this study, observations (Fig. 4) suggest that categories of ovary status may have been incorrectly labeled by Bannerjee and Chatterjee (1985) (Fig. 2) . SpeciÞcally, ovaries depicted in Fig. 2A were identiÞed as "spentÑwith ovaries withered, without mature eggs but with signs of earlier egg laying." However, Bannerjee and Chatterjee (1985) failed to describe the "signs of earlier egg laying." Signs of earlier oviposition do occur in N. viridula as described previously (Fig. 4; Kiritani 1963; Pitts 1977) . I believe that the ovaries depicted in Fig. 2A are likely ovaries without oocyte development, as similarly shown in Fig. 4A because Bannerjee and Chatterjee (1985) do not mention ovarian coloration associated with ovipositing females or presence of senescing dark oocytes. Furthermore, Fig. 2B is classiÞed as "immature" yet developing oocytes are depicted in the ovariolesÕ pedicels, not in the germaria where developing oocytes of an immature system would be located. In this study, oocytes were observed to shed the follicular epithelium at maturation before descending into the pedicel of the ovarioles. The shed epithelia collected at the juncture of the germarium and pedicel ( Fig. 4E and F) . This collection of epithelia was absent in earlier stages of ovary maturation (Fig. 4AÐC ) and may provide a potential indicator of egg maturation, and, potentially, oviposition. Thus, Fig. 2B contradicts current observations of immature ovaries (Fig. 4C) and those of Kiritani (1963) (Fig. 1A) . Presumably, the schematics for spent ( Fig. 2A ) and immature ovaries (Fig. 2B) by Bannerjee and Chatterjee (1985) are incorrect. Only the ovaries designated as "mature" (Fig. 3C) by Bannerjee and Chatterjee (1985) seem to be correctly identiÞed and agree with our observations of mature ovaries (Fig. 4D) .
Images presented here complement and clarify similar studies (Kiritani 1963 , Bannerjee and Chatterjee 1985 , Pitts 1977 examining changes in the female reproductive system. Figure 1 depicts schematics by Kiritani (1963) ; Pitts (1977) did not provide any images of female reproductive changes. Nonetheless, both studies provided additional descriptions of various stages of ovarian development including change in the coloration of ovarioles from clear to yellow or yellow-orange for more mature females. This change in coloration was also observed during the current study (Fig. 4) . Pendergrast (1956) describes the male reproductive organs in detail. However, available images of the reproductive system are only in static form (Fig. 3) . Figure 5 depicts the typical appearance of a mature male reproductive system but, invariably, the developing male system undergoes various stages of matu- Fig. 4 . Observed stages of female N. viridula ovarian maturation: (A) no developmentÑno oocytes in the germarium, clear ovarioles, and empty spermatheca denoting a virgin female; (B) previtellogenicÑgermarium with differentiated previtellogenic oocytes (at 3ϫ); (C) immatureÑclear ovaries with differentiated oocytes containing yolk in the germarium but no chorionated eggs present (1ϫ); (D) matureÑcolored ovaries with chorionated eggs in the ovarioles; (E) mature but developing oocytes onlyÑmated female with expanded spermatheca, mature yellow ovaries but only containing oocytes with yolk (presumably between egg clutches); and (F) senescingÑyellow-orange ovaries lacking oocytes in germarium, chorionated eggs absent (or minimal), and black substance, presumably necrotic oocytes, in ovarioles. ration (Fig. 6) . A mature system (Fig. 5) is composed of yellow to yellow-orangeÐ colored testes and vasa deferentia; swollen, opaque mesadene glands leading into an expanded bilobed ectodermal sac containing sperm and other reproductive secretions; and ectadene glands containing chalky material throughout their lengths. Pendergrast (1956) described the contents of the expanded ectodermal sac as "clear, watery secretions." However, our observations (Fig. 5 ) of well-developed ectodermal sacs in an unÞxed condition agree with Pitts (1977) , who described the contents as "clear yellow ßuid" or "ßuid milky ectodermal sacs." Presumably, the latter includes sperm because mated females invariably exhibit spermatheca containing a white substance (Fig. 4E and F) . In contrast, Malouf (1933) reported that only bacteria were present in the ectodermal sac but that these bacteria were transferred in conjunction with sperm at mating. Also, likely transferred during mating is the chalky material observed in the ectadene glands. Kon et al. (1993) and Koshiyama et al. (1993) reported the transfer of a "pulpy substance" and other ectodermal gland secretions from the male to the female during mating by N. viridula and the pentatomid Menida scotti (Puton), respectively.
Maturing biological systems are in a state of ßux; so, it is virtually impossible to capture all stages of development. Observations ranged from newly eclosed male adults possessing undeveloped systems with yellow testes; clear vasa deferentia; collapsed ectodermal sac; and undeveloped, empty mesodermal and ectodermal glands (Fig. 6A) to older male adults exhibiting mature systems with yellow to yellow-orange testes and vas deferentia, distended opaque mesodermal glands with secretions throughout their lengths, expanded ectodermal sac, and distended ectadene glands containing chalky material throughout their lengths (Fig. 6D ). The components of the male system were observed in various degrees of development and in combinations thereof. For example, comparing Fig.  6B and C, several stages of development were observed within the accessory glands alone before the glands reached mature status (i.e., containing material throughout the glands). Figure 6B represents one variation of immature glands. Some immature ectadene glands contained white chalky material at irregular intervals along the length of the glands (Fig. 6B) , whereas other immature ectadene glands only contained contents extending radially from the ejaculatory duct.
Determination of precise reproductive status is critical to determining potential N. viridula population estimates and assessing the survival of overwintering adults. In general, our observations regarding classiÞcation of reproductive systems closely mimic those described by Pitts (1977) . Unfortunately, Pitts (1977) did not provide images, only descriptions that lack visuals to adequately assess and compare stink bug reproductive developmental stages. Thus, previous reports on N. viridula reproductive conditions and overwintering status lack clariÞcation and deÞnitive supporting images to allow accurate comparison among studies. Observations presented here are critical because the current method for determining the reproductive and diapause status of adult N. viridula is based on observations of other insect species or insects vary- ing in age (Numata and Yamamoto 1990; Numata 1995, 1997; Musolin and Numata 2003a) . Furthermore, the criteria for determining diapause status have been further confounded by conßicting reports on the reliability of adult coloration as an indicator of adults in diapause (Harris et al. 1984; Elsey 1993; Seymour and Bowman 1994; Jones and Westcot 2002; Coombs 2004; Musolin and Numata 2003a , 2003b , 2004 Musolin et al. 2007 ). Thus, direct examination of the reproductive systems is the most reliable indicator in determining the reproductive status of N. viridula. Images presented here provide an improved visual understanding of the dynamics of N. viridula gonadal development, and these images can be used to accurately determine the reproductive status of N. viridula populations. Future studies are planned to examine diet effects and the overwintering survival of N. viridula in Central Texas. Fig. 6 . Observed degrees of maturation in male N. viridula reproductive systems: (A) dorsal view of system without developmentÑyellow testes, clear vasa deferentia, collapsed ectodermal sac, mesadene and ectadene glands not readily visible; (B) immature systemÑventral view of system with yellow-orange testes and vasa deferentia, incomplete development of mesadene and ectadene glands; (C) mature systemÑventral view of system with yellow testes and vasa deferentia, mature and opaque mesodermal glands, expanded ectodermal sac containing milky white secretions, and ectodermal glands containing chalky white material throughout; and (D) mature systemÑdorsal view (at 1ϫ) with yellow-orange testes and vasa deferentia, mature and opaque mesodermal glands, expanded ectodermal sac containing clear and milky white secretions, and ectodermal glands containing chalky white material throughout.
